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FIELD OF THE INVENTION 

[00011 The present invention relates to a cor e l e ss AC lin e ar motor. 

More l inear motors and, more particularly, Prelates to a coreless A Galternating current 
("AC") linear motor used in a clean room or in-a-vacuum in environment for e xampl e , ugg 
in a semiconductor manufacturing unit or a manufacturing unit of substrat e for liquid 
crystal display, and to a manufacturing m e thod th e r e of. plant or in a plant which 
manufactures substrates for liquid crystal displays ("LCDs"). 

Background Art 

DESCRIPTION OF THE RELATED ART 

[00021 - AIn the manufacture of semiconductors or LCD substrates, coreless AC linear 
fflete rmotors, which are capable of generating large thrust and havin gwhich have no 
cogging ascribable to a core i s s uitabl e for a machin e tool, a se miconductor 
manufacturing unit and a liquid crystal display substrat e manufacturing unit all of which 
require , are particularly well suited due to their capability for accurate positioning. 
Gen e rally In general, a coreless AC linear motor includes a pair of parallel side yokes to 
which a nufflbe rplurality of field magnets are fixed, and a nufflke rpluralitv of coreless 
coils arranged in a straight line between the pair of parallel side vokes.-The A plurality of 
coreless coils are formed into a flat 4 plate-shaped bloc k, and covered by resin.^ A Formed 
in this manner, the coil assembly form e d in this way mov e s is able to move while 
maintaining a small ak^-gap with r e sp e ct to between it and the rows of field magn e ts. With 
a s e miconductor manufacturing unit or a liquid crystal display s ubstrat e manufacturing 
unit, a cor e l e ss AC lin e ar motor is us e d in a vacuum v e ss e l. Und e r th e s e vacuum 
conditions ther e is a known probl e m of gas being e mitt e d from th e coil as se mbly 
accompanying h e ating, call e d outgas. Gas is e mitt e d from, for e xampl e , r e sin, cables and 
e nam e l. These outgas e s contaminates th e vacuum e nvironm e nt and causes a lowering of 
d e vic e p e rformanc e . For e xample, th e outgas e d compon e nts attach to the l e ns surfac e of 
an e l e ctron microscop e , and becom e burnt on to th e surfac e of a sample or product. 
Japan e se utility mod e l laid op e n No. 6 4 13 8 1, and 6 70 48 1 disclos e a coil ass e mbly 
hous e d insid e a can in ord e r to pr e v e nt this typ e of outgas. Normally, a can is 
manufactur e d by joining s te e l plat e s using tungst e n in e rt gas ("TIG") w e lding or brazing. 
In this case, it is easy to form pin hol e s in th e joins. P e n e trating through hol e s l e ak outgas 
to th e outsid e of th e can. For e xample, e v e n if ther e ar e no pin holes passing through, it is 
n e cessary to expel air and welding gas that builds up insid e the pin hol e s. field magnets. 

[00031 In a semiconductor or LCD substrate manufacturing plant coreless AC linear 
motors are used in vacuum vessels. Under vacuum conditions, gas (known as "outgas") 
is often emitted from the resin of the coil assembly when the coil assembly is heated. 
These outgases contaminate the vacuum environment and cause a lowering of device 
performance and can, for example, attach to the lens surface of an electron microscope 
and become burned on to the surface of a sample or product. 

[00041 Japanese Utility Model Laid-Ooen Nos. 6-41381 and 6-70484 disclose a coil 
assembly housed inside a can which is used to prevent this type of outgas, where the can 
is manufactured by joining steel plates using tungsten inert gas ("TIG") welding or 
brazing. Using this approach, pin holes can easily form in the joins, where the 
penetrating through-holes leak outgas to the outside of the can. Furthermore, even if the 
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pin holes do not pass completely through the joins, air and welding gas can build up 
inside the pin holes, requiring expulsion. 

[00051 Th e object of th e pr e s e nt inv e ntion A ccordingly, it is desirable to provide for a 
coreless linear motor having a plurality of corel e ss coil s hous e d air tightly inside a can. 

Anoth e r obj e ct of th e pr e sent inv e ntion is to provide AC linear motor which 

overcomes the deficiencies of conventional linear motors. More particularly, it is 
desirable to provide for a coreless linear motor having a plurality of coreless coils housed 
inside a can having no danger of gas accumulatin gan airtight can, which substantially 
reduces gas accumulations. 

Di s closure of the Invention 

SUMMARY OF THE INVENTION 

[00061 In order to achiev e the abov e d e scrib e d obj e ct a The present invention 

relates to linear motors and, more particularly, relates to a coreless AC linear motor used 
in a clean room or vacuum environment, for use in a semiconductor manufacturing plant 
or in a plant which manufactures LCD substrates. The coreless linear motor has a 
plurality of coreless coils housed inside an airtight can, where the can is manufactured 
without welding or brazing. 

[00071 According to one arrangement, the present invention^ a coreless AC 

linear motor compris e s, , including a can assembly and a magnet assembly. The can 
assembly further includes a can, a coil assembly, a hardened epoxy resin, a cover body, 
an O-ring, an inlet joint an outlet joint, a plurality of lead lines, a cover body block, a 
current introduction terminal, and a vacuum flange. The can, which has a T-shaped 
cross-section, further includes a U-shaped coil housing section forming a deep grove 
within, and a flange section forming a flange recess and a flange O-ring seat. 

a magn e t ass e mbly forming a magnetic gap (3), 

a can (10) including a coil housing s e ction (10F) having a d e ep groov e (10B) 

formed by gouging out mat e rial, 

[00081 The coil assembly, which is disposed in the can, further includes a plurality of 
flat three-phase coreless coils, the plurality of coils overlapping each other, a first 
manifold, a second manifold, and a plurality of cooling pipes. .The first manifold includes 
a vertical manifold cooling medium inlet passage, and a first brim section, the first brim 
section connecting the first manifold to the flange recess. The a second manifold, which 
is obverse to the first manifold, further includes a vertical manifold cooling medium 
outlet passage, and a second brim section, the second brim section connecting the second 
manifold to the flange recess. The plurality of cooling pipes are in physical 
communication with and pass through each of the plurality of coreless coils, the plurality 
of cooling pipes connected to the first and second manifolds, where the plurality of 
cooling pipes distribute a cooling medium from the manifold cooling medium inlet 
passage to the manifold cooling medium outlet passage. The hardened epoxy resin 
encapsulates the plurality of coreless coils, the first and second manifolds, and the 
plurality of cooling pipes. 

[00091 The cover body, which is affixed to the flange section using a plurality of bolts, 
forms a recess on an interior portion of the can assembly, a cover body O-ring seat a 
resin injection hole, a terminal introduction hole, a cover body cooling medium inlet 
passage in physical communication with the manifold cooling medium inlet passage, and 
a cover body cooling medium outlet passage in physical communication with the 



manifold cooling medium outlet passage. The cover body further includes a terminal 
block housed in the recess. The O-ring is in physical communication with and between 
the flange O-ring seat and the cover body O-ring seat where the O-ring seals the can to 
the cover body in an air-tight manner. The inlet joint is in physical communication with 
the cover body cooling medium inlet passage, and the outlet joint is in physical 
communication with the cover body cooling medium outlet passage. The plurality of lead 
lines is in physical communication with the plurality of coils, where the plurality of lead 
lines passes through the terminal block to an exterior side of the cover body obverse to 
the recess. 

[00101 The cover body block is affixed to the cover body in an air-tight manner using 
an O-ring, where the cover body block forms an introduction passage adjacent to the 
terminal introduction hole. The current introduction terminal is affixed to the cover body 
block in an air-tight manner using an O-ring, where the current introduction terminal 
includes IK V-, W- and E-phase terminals. The vacuum flange is in physical 
communication with and between the cover body block and the current introduction 
terminal. 

f 001 11 The magnet assembly further includes first and second side yokes, the first and 
second side yokes arranged parallel with each other, a center yoke connecting the first 
and second side yokes, and a plurality of permanent magnets affixed to facing portions of 
the first and second side yokes and forming a magnetic gap therebetween, where adjacent 
ones of the plurality of permanent magnets have alternating magnetic poles. 

[00121 Each of the plurality of cooling pipes has an outer diameter of 4 millimeters, a 
thickness of 0.5 millimeters, and a length of 250 millimeters. Adjacent ones of the 
plurality of cooling pipes are separated by 0.5 millimeters. The coil assembly further 
includes first through seventh cooling pipes. The plurality of flat three-phase coreless 
coils are arranged in U-phase, V-phase, and W-phase, in a movement direction. 

[00131 The can is 8 mm thick. The first and second manifolds are comprised of 
austenitic stainless steel, where the austenitic stainless steel is defined by Japanese 
Industrial Standards SUS300 or Japanese Industrial Standards SUS200. 

[00141 The deep grove is 8.5 millimeters wide, 70 millimeters deep, and 280 
millimeters long. The coil housing section is 12.5 mm wide, 80 millimeters deep, and 
296 millimeters long. The coil housing section has a side wall thickness of 2.0 
millimeters. 

[00151 According to a second arrangement, the present invention is a method of 
manufacturing a coreless AC linear motor, including the steps of winding approximately 
seventy-six turns of enamel-plated copper wire of cp 0.44 millimeters on a temporary 
frame having a cross-section of 17 millimeters * 50 millimeters, removing the temporary 
frame to form a plurality of coreless coils, each of the plurality of coreless coils forming a 
through-hole, overlapping the plurality of coreless coils with each other, and placing a 
plurality of cooling pipes through each of the through-holes, the plurality of cooling pipes 
in physical communication with the plurality of coreless coils. 

[00161 The method also includes the steps of connecting a first end of the plurality of 
cooling pipes to a vertically-extending cooling medium inlet in a first manifold, 
connecting a second end of the plurality of cooling pipes, obverse to the first end, to a 
vertically-extending cooling medium outlet in a second manifold, placing the plurality of 
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coils, the plurality of cooling pipes, and the first and second manifolds in a mold, filling 
the mold with an epoxv resin, and hardening the epoxv resin to form a resin block. 

[0Q171 The method further includes the step of finishing the resin block, inserting the 
resin block into a U-shaped coil housing section of a T-shaped can, sealing a flange 
section of the can to a cover body in an air-tight manner by seating an O-ring in O-ring 
seats formed in the flange section to the cover body, filling additional epoxy resin into the 
can via a resin injection hole in the cover body, and securing the cover body to an O-ring 
seat formed in the flange section of the can using bolts. 

[00181 Additionally, the method includes the steps of connecting the first and second 
manifolds to a flange recess formed in the flange section of the can, via brim sections, 
passing lead lines from the plurality of coils through a terminal block on the cover body, 
connecting a first and a second parallel side yoke with a center yoke, and affixing a 
plurality of permanent magnets to facing portions of the first and second side yokes to 
form a magnetic gap therebetween, adjacent ones of the plurality of permanent magnets 
having alternating magnetic poles. 

[00191 The first and second manifolds are connected to the flange section using bolts. 
The plurality of cooling pipes are connected to the first and second manifolds by silver 
brazing or tungsten inert gas welding. The copper wires is of (p 0.44 millimeters. The 
temporary frame has a cross-section of 17 millimeters * 50 millimeters. 

[00201 According to a third arrangement, the present invention is a coreless 

AC linear motor, including a magnet assembly forming a magnetic gap, and a can, the can 
further including a coil housing section forming a deep groove. The motor also includes a 
plurality of coreless coils-(5) inserted into the deep groove and arranged in a straight line 
inside the magnetic gap, and a cover body-{H) for sealing the can. 

[00211 Th e mat e rial is pr e f e rably stainl e ss ste e l. The material is stainless 

steel. The magnet assembly includes parallel rows of field magnets. The magnet 
assembly includes a pair of parallel side yokes to which the rows of field magnets are 
attached. Each coreless coil is overlapped on another coreless coil. 

[00221 The coreless AC linear motor further includes cooling pipes passing through the 
coreless coils. The cooling pipes come into contact with inner surfaces of each coreless 
coil A plurality of spaced cooling pipes extend through the coreless coils parallel to each 
other, where the plurality of cooling pipes come into contact with inner surfaces of each 
of the plurality of coreless coils. 

[00231 Pr e ferably, th e The can includes a flange section (WA)-which i s join e d to th e 

cov e r body and wider than the coil housing section^ A n and joined to the cover 

body. The motor further includes an O-ring (13)-for sealing between the can and the 
cover body in an air-tight manne r is provid e d, and , where the flange section further 
includes a seat-£H)€) for receiving the O-ring is formed in the flange s e ction . The 
plurality of coreless coils are fixed to the can using resin or adhesive. 

Th e d ee p groov e is pr e f e rably rough machin e d using an e nd mill or drill, and 

finish e d using an e l e ctric discharg e machining e l e ctrod e . In this way, th e deep groov e is 
form e d with high pr e cision and e fficiency. 

[00241 According to a fourth arrangement, the present invention is a method for 
manufacturing a coreless AC linear motor, including the steps of gouging out material for 
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a can to form a deep groove, and a arranging a plurality of coreless coils in a straight line. 
The method also includes the steps of forming the plurality of coreless coils into a flat 
plate-shaped block using resin or adhesive, and inserting the flat plate-shaped block into 
the deep groove of the can. 

[00251 The material is stainless steel. The gouging step includes a step of machining a 
deep groove using an electrode tool, rough machining a deep groove using an end mill, 
and/or rough machining a deep groove using a drill. 

[00261 In the following description of the preferred embodiment reference is made to 
the accompanying drawings that form a part thereof, and in which is shown by way of 
illustration a specific embodiment in which the invention may be practiced. It is to be 
understood that other embodiments may be utilized and changes may be made without 
departing from the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00271 Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

[00281 -FigrFigure 1 i sdepicts a front elevation of a coreless AC linear motor 
e faccording to the present invention-; 

[00291 -Fig rFigure 2 depicts is a side cross -section of the Figure 1 linear motor viewed 
along the-line A — A in Fig. L ffrom Figure 1); 

[00301 -Fig rFigure 3 i sdepicts a plan view of the Figure 1 linear motor^ viewed along 
the-line B — B in Fig. 2. (from Figure 2): 

[00311 -Figr Figure 4 i sdepicts a plan view of a the coil assembly of Figr4 -the Figure 1 
linear motor, where the coil assembly is housed in a can^ 

100321 -FigrFigure 5 i sdepicts a front elevation of a the magnet assembly of Fig, l.t he 
Figure 1 linear motor; 

[00331 -Fig rFigure 6 is depicts a plan view of the Figure 5 magnet assembly of Fig. 5.; 

[00341 -Fig rFigure 7 i sdepicts a side cross -section of the Figure 5 magnet assembly^ 
viewed along the-line C — C in Fig. 6. (from Figure 6); 

[00351 -Fig rFigure 8 i sdepicts a plan view of a manifold of Figr- kthe Figure 1 linear 
motor; 

[00361 -Figr Figure 9 i sdepicts a side view of the Figure 8 manifold of Fig. 8. ; 

[00371 -Figr Figure 10 i sdepicts a front elevation of the Figure 8 manifold^ viewed from 
J of Fig. 9. point J (from Figure 9); 

[00381 -Fig rFigure 1 1 i sdepicts a cross ^section of a cooling pipe 4 viewed along the line 
K — K in Fig. 9. (from Figure 9); 

[00391 -Fig rFigure 12 i sdepicts a front elevation of a can of Figr- kthe Figure 1 linear 
motor; 

[00401 -Fig rFigure 1 3 i sdepicts a side cross -section of a the Figure 12 can a viewed 
along the-line D-D in Fig. 12. (from Figure 12); 

100411 -Fig rFigure 14 i sdepicts a bottom view of a the Figure 12 can of Fig. 12. ; 



[00421 -Figr Figure 15 is depicts a side cross ^section of athe Figure 12 can A viewed 
along the-line E - E in Fig. 13. (from Figure 13): 

[00431 -FigrFigure 1 6 i sdepicts a side cross ^section of athe Figure 12 can A viewed 
along the-line F - F in Fig. 13. (from Figure 12); 

[00441 -FigrFigure 1 7 i sdepicts a front elevation of a cover body of Pigr-i rthe Figure 1 
linear motor; 

[00451 -Fig rFigure 1 8 i sdepicts a partially cut-away side view of the Figure 17^ cover 
bod y of Fig. 17.; 

[00461 -Fig rFigure 19 i sdepicts a bottom view of the Figure 17 cover bod y of Fig. 17.; 

[00471 -Fig rFigure 20 i sdepicts a cross ^section of the Figure 17 cover body fc viewed 
along the-line G - G in Fig. 17. (from Figure 17); 

[00481 -Fig rFigure 2 1 i sdepicts a cross ^section of the Figure 17 cover body 4 viewed 
along the-line H - H in Fig. 17. (from Figure 17); 

[00491 -Fig rFigure 22 i sdepicts a cross ^section of the Figure 17 cover body & viewed 
along the-line P - P in Fig. 17. (from Figure 17); 

[00501 FigrFigure 23 i sdepicts a front elevation of a block of Figr-2 rthe Figure 1 linear 
motor; 

[00511 -ftg rFigure 24 i sdepicts a side cross -section of a the Figure 23 blocks viewed 
along the-line L - L in Fig. 23. (from Figure 23): 

[00521 -Fig rFigure 25 i sdepicts a front elevation of a_current introduction terminal of 
Figr-^r the Figure 1 linear motor; 

[00531 -Fig rFigure 26 i sdepicts a cross -section of the Figure 25^ current introduction 
terminal^ viewed along the-line M - M in Fig. 25. (from Figure 25); and 

[00541 -Figr Figure 27 i sdepicts a cross -section of the Figure 25 current introduction 
terminal viewed along the-line N - N in Fig. 25. (from Figure 25). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS INVENTION 

A cann e d cor e l e ss AC lin e ar motor of th e pr e s e nt invention will b e d e scrib e d in 

detail with ref e r e nc e to the drawings. 

[00551 The present invention provides for a coreless AC linear motor which overcomes 
the deficiencies of conventional linear motors. More particularly, the present invention 
provides for a coreless linear motor having a plurality of coreless coils housed inside an 
airtight can, which substantially reduces gas accumulations. 

[00561 Figure 1 depicts a front elevation of a coreless AC linear motor according to the 
present invention. Figure 2 depicts a side cross-section of the Figure 1 linear motor 
viewed along line A — A (from Figure 1), and Figure 3 depicts a plan view of the Figure 1 
linear motor, viewed along line B — B (from Figure 2). Briefly, the coreless AC linear 
motor includes a can assembly and a magnet assembly. The can assembly further 
includes a can, a coil assembly, a hardened epoxv resin, a cover body, an O-ring, an inlet 
joint, an outlet joint, a plurality of lead lines, a cover body block, a current introduction 
terminal, and a vacuum flange. 
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[00571 The canned coreless AC linear motor includes a coil assembly which includes a 
primary side armature, and a magnet assembly including a secondary side field magnet. 
The coil assembly contains plurality of flat three phase coreless coils 5. and moves in a 
sideways direction in Figures 2 and 3 with respect to the magnet assembly. Plurality of 
coreless coils 5 are arranged in magnetic gap 3, in a movement direction in the order U- 
phase, V-phase, W-phase. 

[0058] In order to increase coil density, each of plurality of coils 5 is overlapped on 
another coil. Each of plurality of coils 5 is formed by winding approximately seventy-six 
turns of enamel plated copper wire of cp 0.44 mm on a temporary frame having a cross- 
section of 17 millimeters * 50 millimeters. When the temporary frame is pulled out an 
empty space corresponding to through-hole 5A remains. 

[00591 A canned cor e l e ss AC lin e ar motor compris e s a coil ass e mbly 

including a primary sid e armatur e , and a magn e t a s s e mbly including a secondary sid e 
fi e ld magnet. Th e coil ass e mbly contains a plurality of flat thre e phas e cor e less coils 5, 
and mov e s in a sideways dir e ction in Fig. 2 and Fig. 3 with r e sp e ct to th e magn e t 
ass e mbly. Th e coils 5 ar e arrang e d in a magn e tic gap 3 in a mov e m e nt dir e ction in th e 
ord e r U phas e , V phas e , W phas e . In ord e r to incr e as e coil d e nsity, e ach coil 5 is 
ov e rlapp e d on another coil. A cor e l e ss coil 5 is form e d by winding 76 turns of e nam e l 
plated copp e r wir e of cp 0.44 mm on a t e mporary fram e having a cross s e ction of 17 x 50 
mm. Wh e n the t e mporary fram e is pull e d out, th e r e r e mains an e mpty spac e 
corr e sponding to a through hol e 5A. A plurality of cooling pipes 7 pass through al teach of 
the through -holes 5A extending in a movement direction, while contacting the inner 
surface of each eet^ rof the plurality of coreless coils 5. One end of a cooling pipe 7 is 
connected to a manifold 8, while the other end is connected to a manifold 9. A coil 5, 
manifold 8, manifold 9 and cooling pipes 7 are integrated by enclosing these parts in a 
bexmold, and filling the bexmold with epoxy resin or adhesive 6. The epoxy resin is 
hardened to form a coil assembly covered with resin. Th e form e d r e sin block is finish e d 
so that th e coil ass e mbly can form an appropriat e air gap with r e sp e ct to p e rman e nt 
magn e ts 31 and 32. With this e mbodim e nt, th e thickn e ss of th e coil ass e mbly is 8 mm in 
th e magn e tic gap 3. Th e coil ass e mbly is hous e d insid e a can 10 that is thin, and th e can 
10 is s e al e d with a cov e r body 11. As shown in Fig. 1, Fig. 2 and Fig. 4, an O ring 12 
s e als betw e en th e can 10 and th e cov e r body 11 in an air tight mann e r. The coil as s embly, 
can 10 and cov e r body 11 ar e int e grat e d by filling additional r e sin into th e can 10. 

[00601 The formed resin block is finished so that the coil assembly can form an 
a ppropriate air gap with respect to permanent magnets 31 and 32. According to one 
embodiment the thickness of the coil assembly is 8 millimeters in the magnetic gap 3. 

[00611 Figure 4 depicts a plan view of the coil assembly of the Figure 1 linear motor, 
where the coil assembly is housed in a can. In particular, the coil assembly is housed 
inside a thin can 10, and the can 10 is sealed with a cover body 1 1. As shown in Figures 
L 2 and 4, an O-ring 12 seals between the can 10 and the cover body 11 in an air-tight 
manner. The coil assembly, can 10 and cover body 1 1 are integrated by filling additional 
resin into the can 1 0. 

[00621 As shown in Fig. 5, Fig. 6 and Fig. Figure 5 depicts a front elevation of the 
magnet assembly of the Figure 1 linear motor. Figure 6 depicts a plan view of the Figure 
5 magnet assembly, and Figure 7 depicts a side cross-section of the Figure 5 magnet 
assembly, viewed along line C - C (from Figure 6). As shown in Figures 5 to 7, the 



magnet assembly includes spaced side yokes 1 and 2, a center yoke 4, and a-plurality of 
permanent magnets 3 1 and 32. A pai r Pair of side yokes 1 and 2 are arranged parallel to 
each other, and are connected by-the center yoke 4. One row of plurality of permanent 
magnets 31 are]s attached on-the side yoke 1, while another row of permanent magnets 32 
areis attached on4he side yoke 2, and forming a magnetic gap 3 is form e d between the 
parallel rows . Magnetic pol e s of th e of side yokes. Adjacent ones of plurality of 
permanent magnets 3 1 chang e alt e rnat e l v and 32 have alternating magnetic poles . 

[00631 Figure 8 depicts a plan view of a manifold of the Figure 1 linear motor. Figure 
9 depicts a side view of the Figure 8 manifold. Figure 10 depicts a front elevation of the 
Figure 8 manifold viewed from point J (from Figure 9), and Figure 1 1 depicts a cross- 
section of a cooling pipe, viewed along the line K - K (from Figure 9). As shown in 
Figures 8 to 1 1, seven horizontal cooling pipes are aligned vertically with respect to the 
movement direction, although in alternate embodiments of the present invention fewer or 
more cooling pipes are contemplated. Each of the plurality of cooling pipes 7 has an 
outer diameter of 4 millimeters in the vertical direction, a thickness of 0.5 millimeters, 
and a length of 250 millimeters, although other dimensions are possible in alternate 
aspects of the invention. 

[00641 As shown in Figure 11, ad jacent ones of plurality of cooling pipes 7 are 
separated by a small gap of 0.5 mm in order to prevent the flow of eddy currents. 

[00651 Vertically extending cooling medium inlet and outlet passages 8A and 9A pass 
through manifolds 8 and 9 in order to distribute cooling medium to the cooling pipes 7. 
Cooling medium is sent from cooling medium inlet passage 9A to be distributed through 
the plurality of cooling pipes 7, and is removed through cooling medium outlet passage 
8A. Manifolds 8 and 9 respectively have brim sections 8C and 9C for connecting 
manifolds 8 and 9 to the can 10. 

[00661 As shown in Fig. 8, Fig. 9, Fig. 10 and Fig. 1 1, with this e mbodim e nt 

sev e n cooling pip e s ar e align e d in the dir e ction vertical to th e mov e m e nt direction. A 
cooling pip e 7 has an out e r diam e t e r of 4 mm in th e v e rtical direction, a thickn e ss of 0.5 
mm, and a l e ngth of 250 mm. As shown cl e arly in Fig. 1 1, adjacent flat cooling pipes 7 
ar e s e parat e d by a small gap d of 0.5 mm in ord e r to pr e v e nt th e flow of e ddy curr e nts. 
Pas s ag e s 8A and 9A e xtending v e rtically r e sp e ctiv e ly pass through th e manifolds 8 and 9 
in ord e r to distribut e cooling m e dium to th e cooling pip e s 7. Cooling m e dium is s e nt from 
th e pa ss ag e 9A through th e cooling pip e s 7 to th e pas s ag e 8A. Th e manifolds 8 and 9 
resp e ctiv e ly hav e brim s e ctions 8C and 9C for connecting to th e can 10. Th e Plurality of 
cooling pipes 7 are connected to4he manifolds 8 and 9 by silver brazing or tungsten inert 
gas (" TIG") welding. The manifolds Manifolds 8 and 9 and the plurality of cooling pipes 
7 are made from austenitic stainless steel defined by JiS-(Japanese Industrial Standards 
("JIS") SUS300 (Cr-Ni) or JIS SUS200 (Cr-Ni-Mn). This austenitic stainless steel is non- 
magnetic, has excellent corrosion resistance and heat resistance, and has better 
mechanical strength than Al alloy aluminum or copper atfey alloys . 

[00671 Th e can 10 will b e d e scrib e d in d e tail with r e f e r e nc e to Fig. 12, Fig. 

13, Fig. H, Fig. 15 and Fig. 16. Figure 12 depicts a front elevation of a can of the Figure 1 
linear motor. Figure 13 depicts a side cross-section of the Figure 12 can, viewed along 
line D-D (from Figure 12), Figure 14 depicts a bottom view of the Figure 12 can, and 
Figure 15 depicts a side cross-section of the Figure 12 can, viewed along line E - E (from 
Figure 13). As shown in Ftg rFigures 15 and-figr 16, the-can 10 is compris e d of a includes 
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coil housing section 10F and-a flange section 10A, and has a T-shaped cross -section.-The 
eeH Coil housing section 10F has a deep groove 10B that is thin and long. The deep 
groove 10B has a width of 8.5 mm, a depth of 70 mm, and a length of 280 mm. Th e coil 
Coil housing section 10F has a width of 12.5 mm, a depth of 80 mm, and a length of 295 
mm. The thickness of a side wall of the-coil housing section 10F is 2.0 mm. Th e flat coils 
5 and th e flat cooling pip e s 7 ar e ins e rt e d into th e de e p groov e 10B. Th e flang e section 
10A is wider than th e coil housing section 10F, and is join e d to the cov e r body 11. A 
r e c e ss 10E form e d in th e flang e s e ction 10A r e c e iv e s brim s e ctions 8C and 9C of the 
manifolds, and th e manifolds 8 and 9 ar e fix e d to th e can 10 using bolts. A plurality of 
bolt hol e s ar e form e d in th e upp e r surfac e of th e flang e s e ction 10A in ord e r to fast e n th e 
cov e r body 11 to th e can 10. A s e at 10C for receiving the O ring 12 is form e d in th e 
flang e se ction 10A along th e edg e of th e r e c es s 10E. Th e surfac e of th e se at 10C i s 
polish e d in th e dir e ction of arrow marks in Fig. 12. 

100681 Plurality of coreless coils 5 and plurality of cooling pipes 7 are inserted into 
deep groove 10B. Flange section 10A is wider than coil housing section I OF, and is 
joined to cover body 11. Recess 10E formed in flange section 10A receives brim sections 
8C and 9C of manifolds 8 and 9, and manifolds 8 and 9 are fixed to can 1 0 using bolts. 

[00691 A plurality of bolt holes are formed in the upper surface of flange section 10A 
in order to fasten cover body 1 1 to can 10. Seat IPC for receiving O-ring 12 is formed in 
flange section 10A along the edge of recess 10E. The surface of seat IPC is polished in 
the direction of arrow marks in Figure 12. 

[00701 Figure 17 depicts a front elevation of a cover body of the Figure 1 linear motor. 
Figure 18 depicts a partially cut-away side view of the Figure 17 cover body. Figure 19 
depicts a bottom view of the Figure 17 cover body. Figure 20 depicts a cross-section of 
the Figure 17 cover body, viewed along line G - G (from Figure 17), Figure 21 depicts a 
cross-section of the Figure 17 cover body, viewed along line H - H (from Figure 17), and 
Figure 22 depicts a cross-section of the Figure 17 cover body, viewed along line P - P 
(from Figure 17). 

[00711 Cover body 1 1 seals can 10. The arrow marks in Figure 19 represent a polished 
surface. Cover body 1 1 is joined to the upper surface of flange section 10A, and fastened 
to can 10 using a plurality of bolts. Recess 1 1 A for housing terminal block 13 is formed 
in a lower part of cover body 1 1 . Lead lines of plurality of coreless coils 5 pass through 
terminal block 13 inside recess 1 1A, and are taken to the outside of cover body 1 1 via 
hole 11 B. 

[00721 The cov e r body 11 for closing off th e can 10 will b e d e scrib e d in 

detail with ref e r e nc e to Fig. 17, Fig, 18, Fig. 19, Fig. 20, Fig. 21 and Fig. 22. Th e arrow 
marks in Fig. 19 r e pr e sent a polish e d surfac e . Th e cov e r body 11 is join e d to th e upper 
surfac e of th e flang e s e ction 10A, and fast e n e d to th e can 10 using a plurality of bolts. A 
r e c e ss 11 A for housing a t e rminal block 13 is form e d in a low e r part of th e cover body 
11. L e ad lin e s of th e coils 5 pass through th e t e rminal block 13 insid e th e r e c e ss 11 A, and 
ar e tak e n to th e outsid e of th e cov e r body 11 from a hol e 11B. A seat 11C for rec e iving 
the Seat 1 1C for receiving O-ring 12, corresponding to the-seat 10C of-the can 10, is 
formed in the-cover body 1 1 . After the-can 1 0 has been sealed using the-cover body 1 1 , 
resin or adhesive 6 is injected frem-a through hole 1 IE of the-cover body 1 1. A pai r Pair 
of joints 17A and 17B capable of connecting flexible pipes are attached to an upper 
surface of the cover body 1 1 . A passag e Passage 1 IF communicating with the joint 17A 
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and extending in the horizontal direction, a-passage 1 1G connecting the passage 1 IF to 
the passage 9 A, and a-passage 1 1H connecting the passage 8A to the joint 17B are formed 
in the-cover body 11. Th e cov e r Cover body 1 1 is joined to the brim sections 8C and 9C 
using the O-ring. Cooling medium flows from the joint 17A, through the passages 1 IF, 
1 1G and 9A, the plurality of cooling pipes 7 and the-passages 8 A and 1 1H, and is 
expelled from the-joint 17B. 

[00731 Figure 23 depicts a front elevation of a block of the Figure 1 linear motor, and 
Figure 24 depicts a side cross-section of the Figure 23 block, viewed along line L - L 
(from Figure 23). Specifically, Figures 23 and 24 illustrate cover body block 14, which is 
attached in an air-tight manner to cover body 1 1 using a suitable O-ring. The arrow 
marks in Fig. 23 represent a polished surface. Cover body block 14 has an introduction 
passage 14A communicating with the hole 1 IB. 

[00741 Fig. 23 and Fig. 2 4 illustrate a block 1 4 attach e d in an air tight 

manner to th e cov e r body 11 using a suitabl e O - ring. Th e arrow marks in Fig. 23 
repr e s e nt a polish e d surfac e . Th e block 1 4 has an introduction passag e 1 4 A 
communicating with th e hol e 11B. Fig. 25, Fig. 26 and Fig. Figure 25 depicts a front 
elevation of a current introduction terminal of the Figure 1 linear motor. Figure 26 depicts 
a cross-section of the Figure 25 current introduction terminal viewed along line M - M 
(from Figure 25), and Figure 27 depicts a cross-section of the Figure 25 current 
introduction terminal, viewed along line N - N (from Figure 25). Specifically, Figures 25 
to 27 illustrate current introduction terminal 15 attached in an air-tight manner to a front 
surface of the block 14 using a suitable O-ring. The current introduction terminal 15 
includes U-, V-, W- and E-phase terminals. A vacuum flange 16 is fixed to the block 14, 
and the current introduction terminal 15 is attached to the vacuum block 16 by silver 
brazing. 

[00751 According to an alternate embodiment the present invention is a method of 
manufacturing a can, such as can 10, in a highly accurate and efficient manner, and 
without brazing or welding. Can 10 and cover body 1 1 are made from free-cutting 
stainless steel defined by JIS SUS303, although in alternate aspects other materials and 
methods are used. Free-cutting stainless steel does not result in a variation in feeble 
magnetism, due to cutting heat. Can 10 material made from this type of stainless steel is 
cut, and a T-shaped cross-section having a width of 12.5 mm for the coil housing section 
10F is been formed. Next, seat IPC and recess 10E are machined in the material, and a 
flange section 10A is formed. 

[00761 Deep groove 10B of coil housing section 10F is also formed in the material, the 
deep groove having a width of about 8.5 mm and a depth of about 30 - 40 millimeters 
over its entire length and having been gouged out using an end mill attached to a milling 
machine or a machining center. Since it was not possible to form a deeper groove using 
an end mill, a tool was changed from an end mill to a drill. 

[00771 A method of manufacturing th e can 10 in a highly accurat e and 

efficient mann e r without brazing or w e lding will b e d e scrib e d in th e following. Th e can 
10 and th e cover body 11 ar e pr e f e rably mad e from fr e e cutting stainl e ss st ee l d e fin e d by 
JIS SUS303, etc. Fr ee cutting stainless st ee l do e s not hav e variation in f ee bl e magnetism 
du e to cutting heat. Mat e rial of a can 10 mad e from this typ e of stainl e s s st ee l wa s cut, 
and first of all a T shap e d cross s e ction having a width of 12.5 mm for th e coil housing 
s e ction 10F has b ee n formed. N e xt, th e s e at 10C and th e r e c e ss 10E w e r e machin e d in th e 



material, and a flange s e ction 10A has b ee n form e d. Finally, th e d ee p groov e 10B of the 
coil housing s e ction 10F has b ee n form e d in th e material. A d ee p groov e having a width 
of about 8.5 mm and a depth of about 30 4 0 mm ov e r its e ntir e length was goug e d out 
using an e nd mill attached to a milling machin e or a machining center. Sinc e it was not 
possibl e to form a de e per groov e using an end mill, a tool was chang e d from an e nd mill 
to a drill. Using the drill, thirty five holes having a depth of 70 mm and a diameter of 7.5 
mm wer e millimeters are drilled about 8 fflmmiUimeters apart along the entire length of 

the deep groove. ^The material wasis fixed to an electric discharge machine, and the 

deep groove 10B was formed using an electrode tool made of copper or graphite having a 
complementary shape to the deep groove. A surface of-the deep groove 10B is preferably 
finished to a roughness of 32 (iRmax. An electric discharge machined surface of this 
roughness hadhas varying unevenness, and so the coil assembly wasis simply fixed to the 
can using resin or adhesive 6. 

This e mbodiment has b ee n s e l e ct e d simply to d e scrib e th e gist and practical 

application of th e pr e s e nt inv e ntion. Various improvem e nts ar e possibl e with r e fer e nc e to 
th e abov e d e scription. Th e scop e of th e pres e nt invention is d e fin e d by th e app e nd e d 
claims. 

[00781 The invention has been described with particular illustrative embodiments. It is 
to be understood that the invention is not limited to the above-described embodiments and 
that various changes and modifications may be made by those of ordinary skill in the art 
without departing from the spirit and scope of the invention. 
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